Abstract-In Computer Aided Geometric Design (CAGD), it is often needed to produce a positivity-preserving curve according to the given positive data. The main focus of this work is to address the problem of visualizing positive data in such a way that its display looks smooth and pleasant. A rational cubic spline function with three shape parameters has been developed. Simple data dependent constraints are derived for single shape parameter to preserve the positivity through positive data. Remaining two shape parameters are provided extra freedom to user for modification of curves as desired. The scheme is local, computationally economical and time saving as compared to existing schemes. The curve scheme under discussion is attained 1 C continuity.
I. INTRODUCTION
The problem of shape preserving interpolation has been considered by number of authors [1] - [10] and references therein. One of the significant features of interpolatory methods that make sense to study is its positivity. Positivity is a significance characteristic of the data. There are many physical situations where values are taken in positive sense only.
For instance, probability distribution and samples of populations are always printed in positive values. Another application area is in observation of gas discharge during certain chemical experiments are in process. Therefore, it is important to discuss positive interpolation to provide a computationally economical and visually pleasing solution to the problems of different scientific phenomena.
Some work on the positivity-preserving curves is discussed as: Rafique [1] solved the problem of positivity preserving by Shepard interpolation. Butt and Brodlie [2] preserved the shape of data using piecewise cubic Hermite interpolant. The authors [1] , [2] inserted one or two knots in the subinterval where the interpolants lose the positivity through positive data. In contrast, the authors [3] - [8] preserved the desired shape of data without inserting extra knots. Like as: Hussain and Ali [3] used piecewise rational function (cubic/quadratic) with two shape parameters to preserve the positivity of positive data. It was extended to bi-cubic partially blended rational function with eight shape parameters in [4] to preserve the positivity of positive 3D data and a surface constrained by a plane through constrained data. These schemes were deficient in providing flexibility to the designer to modify the shape of curves and surfaces.
Hussain and Sarfraz [5] constructed shape preserving rational function (cubic/cubic) with four shape parameters. Sufficient data dependent conditions were derived for shape parameters to preserve the positivity of positive 2D data. After that, they extended this function to rational bi-cubic function to preserve the positivity of the positive surface data. Sarfraz, Hussain and Butt [6] used a piecewise rational cubic function with two families of parameters to preserve the inherent shape features of the shaped data. Data dependent sufficient constraints were made for shape parameters to preserve the positivity of positive data. Sarfraz, Hussain and Asfar [7] introduced the rational cubic function for shape preservation of positive data. As a first step, they constructed constraints for free parameters subject to given data to attain the positivity preserving curve. Afterwards, they extended it to bi-cubic partially blended rational function to ensure positive surface. Gregory and Sarfraz [8] introduced a rational cubic spline with single tension parameter in each subinterval, both interpolatory and rational B-spline forms. Schmidt and Heβ [9] were derived the necessary and sufficient conditions to make the positive interpolant by using cubic polynomial. Lamberti and Manni [10] used cubic Hermite in parametric form to preserve the shape of data.
This paper is concerned with the preservation of positive data using the rational cubic function with three shape parameters. The shape parameters are arranged in such a way two of them are left free for user's choice for the refinement of positivity preserving curve as desired and remaining single parameter is constrained to preserve the shape of positive data. In this scheme the constrained shape parameters are not dependent on each other as compared to [5] . The proposed scheme has the following advantageous features over existing schemes. It produces 1 C rational cubic interpolant. No additional knots are inserted. Simple constraints are derived for single shape parameter and two free parameters are left for designer's choice. The scheme is computationally economical, simple, local and time saving as compared to existing schemes.
The rest of this paper is organized as follow. A piecewise rational cubic function is constructed in Section II. Shape preserving positive interpolation for positive data is discussed in Section III. Determination of derivatives is given in Section IV. In Section V, some numerical examples are discussed and finally, conclusion of the paper is discussed in Section VI.
II. RATIONAL CUBIC SPLINE FUNCTION
In this section, a 1 C piecewise rational function (cubic/cubic) with three shape parameters has been developed. 
Let
where
) and , 0,1 C piecewise rational cubic function (1) does not guarantee to preserve the shape of the positive data. It is required to assign suitable values to the shape parameter i w , then it gives a positive curve, to remove this deficiency some mathematical treatment is required which will be explained in the following way:
For simplicity of presentation of positive data, let us assume that the data set to be positive ( , ) 0 
The key idea is to determine constraints for , and (5) 
We can easily show that
From equation (6), we have, or by some other means. In this paper, they are calculated from the given data points in such a way that the smoothness of the interpolant (1) is maintained. The following method is the approximation based on various mathematical theories. The descriptions of such approximations are as follow:
V. ARITHMETIC MEAN METHOD [3] This method is the three point difference approximation with
And the end conditions are given as: 
VI. NUMERICAL EXAMPLES

Example 1:
A positive data set in Table I is taken from [3] . Fig. 1 (a) is generated by using cubic Hermite spline scheme through data set taken in Table I . It is noted that Fig. 1(a) does not preserve the shape of positive data. Fig. 1(b) and Fig. 2(a) Fig. 2(a) is more pleasant and smooth as compared to Fig. 1(b) . The scheme does not allow the negative values of shape parameters as shown in Fig.  2(b) . A positive data set in Table II is borrowed from [5] . The curve in Fig. 3 (a) is drawn by cubic Hermite spline scheme through positive data. It is clear from Fig. 3(a) that does not preserve the shape of positive data. Fig. 3(b) and Fig. 4(a) Fig.  4(a) is more pleasant as compared to Fig. 3(b) . The scheme does not allow the negative values to shape parameters as shown in Fig. 4(b) . C piecewise rational cubic interpolation with three shape parameters, has been utilized to visualize positive data which arises from some scientific experiments. Data dependent shape constraints are derived for single shape parameter to assure the positive shape preservation of the data while other two are left for user's choice to refine the curve as desired. The choice of arithmetic mean has been adopted for derivative computation. But, in general choice of the derivative parameters are left at the wish of user as well. Any numerical derivatives, like arithmetic, geometric or harmonic mean choice can be used. The developed scheme has following advantageous features over existing schemes. It produces 1 C interpolant. No additional knots are inserted.
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The scheme is computationally economical and time saving as compared to existing schemes.
